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DISTRIBUTED POSITION IDENTIFICATION

BACKGROUND INFORMATION

1. Field

The present disclosure relates generally to identifying the
position of a mobile platform, such as a robot or an unmanned
air vehicle, and to identifying the accuracy of the identified
position of the mobile platform. More particularly, the
present disclosure relates to a method and apparatus for iden-
tifying the position of a mobile platform using images
obtained from a camera system on the mobile platform and
position information received from other mobile platforms
and devices.

2. Background

Mobile platforms may be used to perform a variety of tasks
in various environments. For example, a robot is an example
of an automated mobile platform. A robot may be used to
perform various tasks for manufacturing a product in a fac-
tory or other environment. For example, a number of robots
may be used to assemble an aircraft or another vehicle or
other product.

An unmanned air vehicle is another example of an auto-
mated mobile platform. An unmanned air vehicle may be
used to perform a variety of missions in various operating
environments. For example, an unmanned air vehicle may be
controlled to perform various tasks while performing a sur-
veillance mission or other mission.

The position of a mobile platform in an operating environ-
ment may be defined by the location of the platform in the
operating environment, the orientation of the platform in the
operating environment, or both. Accurately controlling the
position of a mobile platform in an operating environment is
desirable so that the tasks performed by the platform may be
performed effectively. Accurately identifying the position of
the mobile platform in the operating environment at any point
in time may be desirable so that the position of the mobile
platform in the operating environment may be accurately
controlled.

For example, the position of an unmanned air vehicle or
other aircraft at any point in time may be defined in terms of
the location of the aircraft in three-dimensional space, the
orientation of the aircraft, or both the location and orientation
of'the aircraft. For example, the location of an aircraft may be
defined by geographic coordinates and the altitude of the
aircraft. The orientation of an aircraft may be defined in terms
of'an angle of the aircraft in relation to a given line or plane,
such as the horizon. The orientation of the aircraft may be
referred to as the attitude. The attitude of an aircraft may be
described with reference to three degrees of freedom, referred
to as roll, pitch, and yaw.

Various systems may be used to identify the position of a
mobile platform. For example, the location of an unmanned
air vehicle or other aircraft may be identified using a global
positioning system (GPS). In this case, global positioning
system hardware on the aircraft includes a receiver config-
ured to receive signals from a number of satellites. Additional
hardware and software on the aircraft identifies the current
location of the aircraft from the received satellite signals.

Alternatively, a radio navigation system on the aircraft may
be used to identify the current location of the aircraft from
radio signals received from a number of known locations on
the ground. Various hardware or hardware and software sys-
tems also may be used to identify the orientation of the air-
craft. For example, an electromechanical gyroscope system
may be used to identify the attitude of the aircraft at any point
in time.
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Accurate knowledge of the current position of an
unmanned air vehicle or other aircraft in an operating envi-
ronment is desirable for eftectively controlling the aircraft to
perform a mission. Current systems and methods for identi-
fying the position of an aircraft may affect efficient operation
of the aircraft.

Current systems and methods for identifying the position
of an aircraft in an operating environment may not identify
the position of the aircraft as accurately as desired in various
operating environments, under various operating conditions,
or in other situations. For example, global positioning sys-
tems (GPS) and radio navigation systems may not be able to
identify accurately the position of an aircraft in some cases,
such as when the signals used by these systems are not avail-
able or are blocked from being received by the aircraft by
features in the operating environment.

Current systems and methods for identifying the positions
of other mobile platforms in various operating environments
also may not identify the current position of the mobile plat-
form as accurately as desired in various operating environ-
ments, operating conditions, or other situations. For example,
indoor positioning systems may not be able to identify accu-
rately the position of the platform in some cases, such as when
signals are blocked from being received by the platform. In
other cases, systems on-board the platform may not be able to
identify accurately the position of the platform over periods
of time, such as when initial conditions are inaccurate and
when errors have accumulated due to sensor drift, wheel
slippage, or for other reasons.

Accordingly, it would be beneficial to have a method and
apparatus that takes into account one or more of the issues
discussed above, as well as possibly other issues.

SUMMARY

An illustrative embodiment of the present disclosure pro-
vides a method for identifying a position of a mobile plat-
form. Images are provided by a camera system on a first
mobile platform. The images include images of a second
platform. An identified position of the first mobile platform is
determined using the images and position information for the
second platform. The position information for the second
platform identifies a location of the second platform.

Another illustrative embodiment of the present disclosure
provides an apparatus comprising a camera system, a com-
munications system, and a position identifier. The camera
system is on a first mobile platform and is configured to
provide images, wherein the images include images of a
second mobile platform. The communications system is con-
figured to receive position information for the second mobile
platform from the second mobile platform. The position
information for the second mobile platform identifies a loca-
tion of the second mobile platform. The position identifier is
configured to determine an identified position of the first
mobile platform using the images and the position informa-
tion for the second mobile platform.

Another illustrative embodiment of the present disclosure
provides a method for identifying a position of a mobile
platform. A plurality of identified positions for the mobile
platform are determined using a plurality of different meth-
ods. The plurality of identified positions for the mobile plat-
form are combined to generate a final identified position for
the mobile platform.

Features, functions, and benefits may be achieved indepen-
dently in various embodiments of the present disclosure or
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may be combined in yet other embodiments in which further
details can be seen with reference to the following description
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the illustrative
embodiments are set forth in the appended claims. The illus-
trative embodiments, however, as well as a preferred mode of
use, further objectives, and benefits thereof, will best be
understood by reference to the following detailed description
of an illustrative embodiment of the present disclosure when
read in conjunction with the accompanying drawings,
wherein:

FIG. 1 is an illustration of a number of mobile platforms in
an operating environment in accordance with an illustrative
embodiment;

FIG. 2 is an illustration of a block diagram of an operating
environment including a number of platforms in accordance
with an illustrative embodiment;

FIG. 3 is an illustration of a block diagram of a position
identifier in accordance with an illustrative embodiment;

FIG. 4 is an illustration of a position information display in
accordance with an illustrative embodiment;

FIG. 5 is an illustration of a flowchart of a process for
identifying a position of a platform in accordance with an
illustrative embodiment;

FIG. 6 is an illustration of a flowchart of a process for
identifying a position of a platform and controlling the plat-
form in accordance with an illustrative embodiment; and

FIG. 7 is an illustration of a data processing system in
accordance with an illustrative embodiment.

DETAILED DESCRIPTION

The different illustrative embodiments recognize and take
into account a number of different considerations. “A num-
ber”, as used herein with reference to items, means one or
more items. For example, “a number of different consider-
ations” are one or more different considerations.

The different illustrative embodiments recognize and take
into account that current systems and methods for identifying
the position of a mobile platform may not identify the position
of the mobile platform as accurately as desired in certain
operating environments, operating conditions, or other situ-
ations. For example, the availability of current systems and
methods for identifying the position of an unmanned air
vehicle or other aircraft may be limited in many situations.
Interference may affect global positioning system and radio
navigation system signals in some operating environments.
Such signals may not penetrate into an enclosed area in which
an aircraft is operating or may be jammed or subject to other
interference.

Further, the different illustrative embodiments recognize
and take into account that motion capture systems may be
used to identify the location and orientation of a mobile
platform. However, such systems may be affected by occlu-
sion by objects in the operating environment and may be
sensitive to lighting conditions in the operating environment.
Odometry, inertial sensors, and other dead-reckoning sys-
tems and methods for identifying the position of a mobile
platform may be prone to various inaccuracies. Simultaneous
localization and mapping systems may be computer-resource
intensive and sensitive to sensor performance and noise.

The different illustrative embodiments recognize and take
into account that stand-alone image-based systems for iden-
tifying the position of a mobile platform using images
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obtained from a camera system on the mobile platform may
provide good quality location and orientation information for
the mobile platform. However, the resolution and precision
provided by such a stand-alone system may not be sufficient
for some applications. For example, the resolution and preci-
sion provided by such a system may not be sufficient for
applications where position identification at the sub-millime-
ter level is desired. Furthermore, occlusion and lighting con-
ditions in the operating environment also may affect the iden-
tification of position information by such a system in
undesired ways.

The illustrative embodiments provide a method and appa-
ratus for providing position information for a number of
mobile platforms. The position information may identify the
location of a mobile platform, the orientation of the mobile
platform, and the accuracy of the position information.

Tustrative embodiments may include a camera system on
amobile platform for providing images of the environment in
which the mobile platform is operating, a wireless commu-
nications system for communicating with other platforms in
the operating environment, and a position identifier for iden-
tifying the position of the mobile platform. The communica-
tions system may be used to receive position information for
the other platforms. The position identifier may be configured
to identify the position of the mobile platform from the
images provided by the camera system, which may include
images of the other platforms in the operating environment,
and the position information for the other platforms. Image-
based position identification in accordance with an illustra-
tive embodiment enables determining an accuracy of the
identified position of the mobile platform.

Position identification in accordance with an illustrative
embodiment may provide more accurate identification of the
position of a mobile platform in an occluded operating envi-
ronment where multiple platforms may be active, such asina
factory assembly area. Providing accuracy information for an
identified position of a mobile platform in accordance with an
illustrative embodiment may enable more reliable use of the
position information for controlling equipment or functions
for performing various tasks by the mobile platform in the
operating environment.

For example, by providing accuracy information for an
identified position of a mobile platform, functions where
various levels of position accuracy may be desired may be
executed more reliably and with greater safety. For functions
where higher precision is desired, illustrative embodiments
may identify location and orientation information more accu-
rately using multiple platforms that may be operating in the
presence of environmental challenges in an operating envi-
ronment. For example, such challenges may include occlu-
sion caused by lighting conditions, obstructions, or both, in
the operating environment.

Turning now to FIG. 1, an illustration of a number of
mobile platforms in an operating environment is depicted in
accordance with an illustrative embodiment. For example,
without limitation, operating environment 100 may be an
industrial environment, such as a factory assembly area, or
any other operating environment. A number of mobile plat-
forms may be controlled for performing various tasks in
operating environment 100.

In this example, the number of mobile platforms in oper-
ating environment 100 includes robots 101, 102, 104, 106,
and 108 and unmanned air vehicles 110 and 112. Robots 101,
102, 104, 106, and 108 may include various types of robots
configured to perform various functions in operating environ-
ment 100. For example, without limitation, robot 101 may be
an industrial robot configured to perform an assembly opera-
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tion or another operation or a combination of operations in
operating environment 100. Similarly, unmanned air vehicles
110 and 112 may include various types of unmanned air
vehicles configured to perform various functions in operating
environment 100. Operating environment 100 in accordance
with an illustrative embodiment may include more or fewer
mobile platforms and different types of mobile platforms
from those illustrated in FIG. 1.

Robots 101, 102, 104, 106, and 108, and unmanned air
vehicles 110 and 112 may include image-based systems for
identifying the positions of robots 101, 102, 104, 106, and
108, and unmanned air vehicles 110 and 112 in operating
environment 100. For example, without limitation, such sys-
tems may include camera systems for obtaining images of
objects 114 and 116 in operating environment 100. The posi-
tions of objects 114 and 116 in operating environment 100
may be fixed and may be known or unknown. In this example,
object 114 includes fiducial marker 118. The position of
fiducial marker 118 in operating environment 100 may be
fixed and known.

The image-based systems in robots 101, 102, 104,106, and
108, and unmanned air vehicles 110 and 112 for identifying
the positions of robots 101, 102, 104, 106, and 108, and
unmanned air vehicles 110 and 112 in operating environment
100 may be configured to identify the positions of robots 101,
102, 104, 106, and 108, and unmanned air vehicles 110 and
112 from the images of objects 114 and 116 and fiducial
marker 118 provided by the camera systems in robots 101,
102, 104, 106, and 108, and unmanned air vehicles 110 and
112. Robots 101, 102, 104, 106, and 108, and unmanned air
vehicles 110 and 112 may include various working compo-
nents, such as manipulator arm 119, or various other working
components. In this case, the image based systems in robots
101,102, 104, 106, and 108, and unmanned air vehicles 110
and 112 for identifying the positions of robots 101, 102, 104,
106, and 108, and unmanned air vehicles 110 and 112 in
operating environment 100 may be configured to identify the
positions of such working components from the images of
objects 114 and 116 and fiducial marker 118 provided by
camera systems in such working components.

Objects 114 and 116 in operating environment 100 may
occlude the fields of view of the camera systems on robots
101,102, 104, 106, and 108, and unmanned air vehicles 110
and 112. For example, in this case, object 114 may occlude
the view of object 116 and fiducial marker 118 from a camera
system on robot 102. Occluded fields of view of the camera
systems used for position identification on robots 101, 102,
104, 106, and 108, and unmanned air vehicles 110 and 112
may affect the identification of the positions of robots 101,
102, 104, 106, and 108, and unmanned air vehicles 110 and
112, or of working components thereof, in operating environ-
ment 100. Lighting conditions in operating environment 100
also may affect the identification of the positions of robots
101,102, 104, 106, and 108, and unmanned air vehicles 110
and 112, or of working components thereof, in operating
environment 100 by the image-based position identification
systems onrobots 101,102,104, 106, and 108, and unmanned
air vehicles 110 and 112.

Robots 101, 102, 104, 106, and 108, and unmanned air
vehicles 110 and 112 in operating environment 100 may be in
the lines of sight of the camera systems on robots 101, 102,
104, 106, and 108, and unmanned air vehicles 110 and 112.
For example, in this case, robot 106 may be in line of sight 120
of the camera system on unmanned air vehicle 112. In this
example, robot 104 may be in line of sight 122 of camera
system 123 on robot 106.
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In accordance with an illustrative embodiment, robots 101,
102, 104, 106, and 108, and unmanned air vehicles 110 and
112 may include communications systems for providing
wireless communications between and among robots 101,
102, 104, 106, and 108, and unmanned air vehicles 110 and
112. Such communications systems may include communi-
cations systems configured to provide optical communica-
tions links, radio frequency communications links, or other
wireless communications links or combinations of commu-
nications links between and among robots 101, 102,104, 106,
and 108, and unmanned air vehicles 110 and 112.

For example, in this case, communications systems on
robots 106 and 108 may be used to provide communication
link 124 between robot 106 and robot 108. Communication
link 124 may provide for the communication of information
between robot 106 and robot 108. Communications systems
onrobots 102 and 104 may be used to provide communication
link 126 between robot 102 and robot 104. Communication
link 126 may provide for the communication of information
between robot 102 and robot 104. Communications systems
onrobot 102 and on unmanned air vehicle 110 may be used to
provide communication link 128 between robot 102 and
unmanned air vehicle 110. Communication link 128 may
provide for the communication of information between robot
102 and unmanned air vehicle 110.

In accordance with an illustrative embodiment, the com-
munications links between and among robots 101, 102, 104,
106, and 108, and unmanned air vehicles 110 and 112 may be
used to send position information for robots 101, 102, 104,
106, and 108, and unmanned air vehicles 110 and 112
between and among robots 101, 102, 104, 106, and 108, and
unmanned air vehicles 110 and 112. This position informa-
tion may be used in combination with images from the camera
systems onrobots 101,102,104, 106, and 108, and unmanned
airvehicles 110 and 112, including images of robots 101, 102,
104, 106, and 108, and unmanned air vehicles 110 and 112 in
operating environment 100, to provide more accurate identi-
fication of the positions ofrobots 101, 102,104, 106, and 108,
and unmanned air vehicles 110 and 112, or of working com-
ponents thereof, in operating environment 100. In this
example, robots 101, 102, 104, 106, and 108, and unmanned
air vehicles 110 and 112 in operating environment 100 effec-
tively provide more objects having identified locations in
operating environment 100 that may be captured inimages by
the camera systems on robots 101, 102, 104, 106, and 108,
and unmanned air vehicles 110 and 112 and used by the
image-based systems on robots 101, 102, 104, 106, and 108,
and unmanned air vehicles 110 and 112 to identify the posi-
tions of robots 101,102, 104, 106, and 108, and unmanned air
vehicles 110 and 112, or of working components thereof, in
operating environment 100.

Turning now to FIG. 2, an illustration of a block diagram of
an operating environment including a number of platforms is
depicted in accordance with an illustrative embodiment.
Operating environment 100 in FIG. 1 may be an example of
one implementation of operating environment 200. Robots
101, 102, 104, 106, and 108, and unmanned air vehicles 110
and 112 in FIG. 1 may be examples of implementations of
number of platforms 202 in operating environment 200.

Operating environment 200 may be any environment in
which number of platforms 202 may be operated to perform
any task or mission. For example, operating environment 200
may be open 203 or enclosed 205. Operating environment
200 that is enclosed 205 may include, for example, without
limitation, a building or other man-made structure, a cave or
other naturally occurring structure, or any other natural or
man-made area that is fully or partially enclosed. For
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example, without limitation, operating environment 200 may
be an industrial environment, such as a factory assembly area,
or any other environment for operation of number of plat-
forms 202.

Operating environment 200 may include features 207. Fea-
tures 207 may include man-made objects, naturally occurring
objects, structures, patterns, or other objects in operating
environment 200. Features 207 may be visible to a camera
operating at any wavelength. The locations of features 207 in
operating environment 200 may be known or unknown. Fidu-
cial markers 208 are examples of features 207. The locations
of fiducial markers 208 in operating environment 200 are
known.

Number of platforms 202 may include any number of
platforms of the same or different types in various combina-
tions. For example, number of platforms 202 may include
mobile platform 204 and other platform 206. Mobile platform
204 may be referred to as a first platform or first mobile
platform. Other platform 206 may be referred to as a second
platform or second mobile platform. Number of platforms
202 may include more than two platforms in other illustrative
embodiments.

Mobile platform 204 may be configured to move through
operating environment 200 to perform a task or mission in
operating environment 200. In one illustrative example,
mobile platform 204 may be vehicle 210. Vehicle 210 may be,
for example, an aircraft or some other type of vehicle. Vehicle
210 may be, for example, without limitation, a fixed-wing
aircraft, a rotary-wing aircraft, a lighter-than-air vehicle, or
some other suitable type of aircraft. Vehicle 210 may include
any aerospace vehicle that may operate in the air, in space, or
both in the air and in space. Vehicle 210 also may include any
vehicle that may operate on the ground, under water, on the
surface of the water, or in any other operating medium or
combinations of media. Vehicle 210 may be manned or
unmanned. For example, without limitation, vehicle 210 may
be unmanned air vehicle 212.

As another example, mobile platform 204 be robot 214. For
example, without limitation, robot 214 may include an indus-
trial robot or another type of robot that may be used for the
manufacture, assembly, inspection, or testing of products, or
for any combination of these or other functions. For example,
without limitation, robot 214 may be an overhead crane. As
another example, robot 214 may include a robot that is used
for scientific purposes, such as deep sea or planetary explo-
ration, or for operation in any other environment. As yet
another example, robot 214 may include a robot that is used
for military or crime prevention applications.

Other platform 206 may be the same type of platform as
mobile platform 204 and may have the same capabilities as
mobile platform 204. Alternatively, other platform 206 may
be a different type of platform from mobile platform 204 or
may have different capabilities from mobile platform 204, or
both. Other platform 206 may or may not be mobile.

At any time, mobile platform 204 is in position 224 in
operating environment 200. Position 224 may be referred to
as the actual position of mobile platform 204 in operating
environment 200. Position 224 may include location 226 of
mobile platform 204, orientation 228 of mobile platform 204,
or both location 226 and orientation 228 of mobile platform
204. Location 226 may comprise the point or points in three-
dimensional space at which mobile platform 204 is located.
Location 226 may be defined with reference to any three-
dimensional coordinate system. For example, location 226 of
unmanned air vehicle 212 may be defined by geographic
coordinates and an altitude of unmanned air vehicle 212 in
operating environment 200.
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Orientation 228 is the angle of mobile platform 204 in
relation to a given line or plane in three-dimensional space.
Orientation 228 may be described with reference to three
degrees of freedom, referred to as roll, pitch, and yaw. Inthese
illustrative examples, orientation 228 of unmanned air
vehicle 212 in operating environment 200 may be referred to
as the attitude of unmanned air vehicle 212.

Mobile platform 204 may include number of working com-
ponents 230. Number of working components 230 may
include parts of mobile platform 204 that may be used to
perform tasks at specific positions in operating environment
200. For example, without limitation, number of working
components 230 may include manipulator arms or other
working components or various combinations of working
components. Number of working components 230 may be
moveable or fixed with respect to other portions of mobile
platform 204. In the present application, including in the
claims, position 224 of mobile platform 204 may refer to the
position of number of working components 230 of mobile
platform 204 in operating environment 200. In some cases,
mobile platform 214 may be a working component of a larger
fixed or mobile platform in number of platforms 202.

In accordance with an illustrative embodiment, position
224 of mobile platform 204 in operating environment 200
may be identified by position identifier 232. Position identi-
fier 232 may be associated with mobile platform 204. For
example, the components of position identifier 232 may be
attached to mobile platform 204 in these illustrative
examples.

Position identifier 232 may be configured to generate iden-
tified position information 234. Identified position informa-
tion 234 may include information for identified position 236.
Identified position 236 may include a number of values that
may be calculated by position identifier 232 for identifying
position 224 of platform 204. Identified position 236 is thus
an estimate of position 224 of mobile platform 204. Identified
position information 234 also may include identified position
accuracy 238. Identified position accuracy 238 may include a
number of values that may be calculated by position identifier
232 to indicate the accuracy of identified position 236. For
example, identified position accuracy 238 may include a
number of values that may indicated the degree to which
identified position 236 is likely to be different from position
224 of platform 204.

In accordance with an illustrative embodiment, position
identifier 232 may be configured to generate identified posi-
tion information 234 for mobile platform 204 using images
240 provided by camera system 242 on mobile platform 204
and position information 244 for other platform 206. Images
240 may be images of operating environment 200 in which
mobile platform 204 is operating and may include images of
other platform 206 in operating environment 200.

Images 240 may be provided to position identifier 232 from
camera system 242 on mobile platform 204. Camera system
242 may be attached to mobile platform 204 in any appropri-
ate manner. Camera system 242 may comprise a single cam-
era. In other illustrative embodiments, camera system 242
may comprise multiple cameras. The use of a multi-camera
system may improve the accuracy of the position determina-
tion by position identifier 232.

Camera system 242 may comprise a digital or other video
camera operating to obtain images at any desired wavelength.
For example, without limitation, camera system 242 may
generate images 240 of operating environment 200 at visible
or infrared wavelengths or at multiple different wavelengths
or bands of wavelengths. Camera system 242 may comprise a
high speed camera. For example, without limitation, camera
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system 242 may operate at a frame rate of approximately 100
frames per second or at a higher frame rate. Alternatively,
camera system 242 may operate at any frame rate.

In one embodiment, the wavelength, frame rate, or both the
wavelength and frame rate at which camera system 242 is
operated may be variable. In this case, for example, the wave-
length, frame rate, or both, may be adjusted based on the
particular task or mission of mobile platform 204 or the
conditions of operating environment 200 in which mobile
platform 204 is operating.

At any point in time, camera system 242 has a specific field
of view 246. Field of view 246 is the portion of operating
environment 200 that appears in images 240 generated by
camera system 242. Therefore, if fiducial markers 208 or
other features 207 of operating environment 200 are in field of
view 246 of camera system 242, images of fiducial markers
208 or other features 207 may appear in images 240 generated
by camera system 242. Similarly, if other platform 206 is in
field of view 246 of camera system 242, images of other
platform 206 may appear in images 240 generated by camera
system 242.

In accordance with an illustrative embodiment, position
identifier 232 may use known techniques to determine iden-
tified position 236 of mobile platform 204 from images 240 of
objects in operating environment 200 and known locations of
those objects in operating environment 200. In particular, in
accordance with an illustrative embodiment, position identi-
fier 232 may use known techniques to determine identified
position 236 of mobile platform 204 from images 240 includ-
ing images of other platform 206 in operating environment
200 and position information 244 for other platform 206 in
operating environment 200. In accordance with an illustrative
embodiment, position identifier 232 also may be configured
to determine identified position accuracy 238 for identified
position 236.

Position information 244 for other platform 206 may
include information identifying the location of other platform
206 in operating environment 200. Position information 244
for other platform 206 may be determined by a position
identification system on other platform 206. For example,
without limitation, the position identification system on other
platform 206 may be an image-based or other position iden-
tification system configured to generate position information
244 for other platform 206. The position identification system
on other platform 206 may be similar to or different from
position identifier 232 on mobile platform 204.

Mobile platform 204 may be configured to receive position
information 244 for other platform 206 from other platform
206. For example, mobile platform 204 may include commu-
nications system 248. Communications system 248 may
include any communications system configured to receive
position information 244 from other platform 206. Commu-
nications system 248 may be wireless 250. For example,
communications system 248 may be configured to provide
optical communications links, radio frequency communica-
tions links, or other wireless communications links or com-
binations of communications links for mobile platform 204
using any appropriate communications protocols. Position
information 244 for other platform 206 that is received by
communications system 248 may be provided from commu-
nications system 248 to position identifier 232 for use in
determining identified position 236 of mobile platform 204
by position identifier 232.

Position identifier 232 may be implemented in hardware or
in hardware and software operating together. Position identi-
fier 232 may be implemented using any hardware or combi-
nation of hardware and software that may generate identified
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position information 234 with sufficient speed to provide for
control of the movement of mobile platform 204 to perform
desired tasks in operating environment 200.

Identified position information 234 for mobile platform
204 may be provided to platform controller 252. Platform
controller 252 may be configured to use identified position
information 234 for mobile platform 204 to control the move-
ment of mobile platform 204 in operating environment 200 to
perform a desired task or mission. Platform controller 252
may comprise an automated controller, a human operator, or
ahuman operator in combination with a machine. In any case,
in order to control the movement of mobile platform 204 to
perform a task or mission successfully, it is desirable that
identified position information 234 for mobile platform 204 is
determined accurately and reliably.

Platform controller 252 may be implemented entirely on
mobile platform 204. Alternatively, platform controller 252
may be implemented, in whole or in part, at a location that is
not on mobile platform 204. In the latter case, platform con-
troller 252 may be in wireless communication with mobile
platform 204 to control the movement of mobile platform 204
from a location that is not on mobile platform 204. For
example, in this case, identified position information 234 for
mobile platform 204 may be sent from mobile platform 204 to
platform controller 252 via communications system 248 on
mobile platform 204. Platform controller 252 may be config-
ured to control the movement of mobile platform 204 using
identified position information 234. For example, without
limitation, platform controller 252 may be configured to con-
trol mobile platform 204 using control signals sent from
platform controller 252 to mobile platform 204 via commu-
nications system 248 on mobile platform 204.

Platform controller 252 may be configured to display iden-
tified position information 234 for mobile platform 204 on
position information display 254. Platform controller 252
may use identified position information 234 for mobile plat-
form 204 to make platform control decision 256 for control-
ling the movement of mobile platform 204 to perform a task.

Platform controller 252 may be configured to control num-
ber of platforms 202 in operating environment 200 other than
mobile platform 204. For example, without limitation, plat-
form controller 252 may be configured to control mobile
platform 204 and other platform 206 or various other combi-
nations of number of platforms 202 in operating environment
200 in a coordinated or other manner.

Turning now to FIG. 3 an illustration of a block diagram of
a position identifier is depicted in accordance with an illus-
trative embodiment. In this example, position identifier 300
may be an example of one implementation of position iden-
tifier 232 in FIG. 2.

Position identifier 300 may include number of position
identifiers 302. Number of position identifiers 302 may use
various different methods for identifying position informa-
tion for a mobile platform from images 304 obtained from a
camera system on the mobile platform, position information
from other platform 306, other information or various com-
binations of information.

For example, without limitation, number of position iden-
tifiers 302 may include position identifier using a shift in
positions of features in a series of images 308 to generate first
position information 310. A position identifier of this type is
described, for example, in U.S. patent application Ser. No.
13/206,456, filed Aug. 9, 2011, and entitled Image Based
Position Determination, the entire disclosure of which is
incorporated herein by reference.

Number of position identifiers 302 may include position
identifier using images of other platform and position infor-
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mation for other platform 312 to generate second position
information 314. A position identifier of this type is described
above with reference to position identifier 232 in FIG. 2.

Number of position identifiers 302 may include position
identifier using images of fiducial marker 316 to generate
third position information 318. Number of position identifiers
302 may include position identifier using other information
320 to identify fourth position information 322.

First position information 310, second position informa-
tion 314, third position information 318, and fourth position
information 322 may be combined by position information
combiner 324 to generate identified position information 326.
For example, position information combiner 324 may com-
bine position information using statistical combination 328,
geometry combination 330, Baysian combination 332, other
combination 334, or multiple combinations.

Identified position information 326 may include identified
position 336 and identified position accuracy 338. Identified
position information may be displayed on position informa-
tion display 340 and used to make platform control decision
342.

The illustrations of operating environment 200 in FIG. 2
and position identifier 300 in FIG. 3 are not meant to imply
physical or architectural limitations to the manner in which
different illustrative embodiments may be implemented.
Other components in addition to, in place of, or both in
addition to and in place of the ones illustrated may be used.
Some components may be unnecessary in some embodi-
ments. The blocks are presented to illustrate some functional
components. One or more of these blocks may be combined
or divided into different blocks when implemented in difter-
ent embodiments.

Turning now to FIG. 4, an illustration of a position infor-
mation display is depicted in accordance with an illustrative
embodiment. In this example, position information display
400 may be an example of one implementation of position
information display 254 in FIG. 2 or of position information
display 340 in FIG. 3.

In this example, identified position information 402 and
identified position accuracy information 404 are displayed
for a number of robots and a number of working components
on the robots. In this example, the robots are identified in
column 406 of position information display 400 and the
working components on the robots are identified in column
408 of position information display 400.

Turning now to FIG. 5, an illustration of a flowchart of a
process for identifying a position of a platform is depicted in
accordance with an illustrative embodiment. For example,
this process may be implemented in position identifier 232 in
FIG. 2 or position identifier 300 in FIG. 3.

The process begins by obtaining images of another plat-
form (operation 502) and receiving other platform position
information for the other platform (operation 504). The posi-
tion of the platform and position accuracy then may be iden-
tified from the images of the other platform and the position
information for the other platform (operation 506), with the
process terminating thereafter.

Turning now to FIG. 6, an illustration of a flowchart of a
process for identifying a position of a platform and control-
ling the platform is depicted in accordance with an illustrative
embodiment. For example, this process may be implemented
in position identifier 232 and platform controller 252 in FIG.
2.

The process begins by identifying position and position
accuracy for the platform using various types of information
and algorithms. For example, the position and position accu-
racy may be identified from a shift in positions of features in

10

15

20

25

30

35

40

45

50

55

60

65

12

a series of images (operation 602). The position and position
accuracy may be identified using images of another platform
and position information from the other platform (operation
604). The position and position accuracy may be identified
using images of a fiducial marker (operation 606). The posi-
tion and position accuracy may be identified using other
information (operation 608).

The position and position accuracy information from
operations 602, 604, 606, and 608 may be combined to iden-
tify the position of the platform and position accuracy (opera-
tion 610). The identified position and position accuracy may
be displayed (operation 612). It then may be determined
whether the identified position accuracy is sufficient to per-
form a task (operation 614). Ifthe identified position accuracy
is not sufficient the task may not be performed, with the
process terminating thereafter. If the identified position accu-
racy is sufficient the platform may be controlled to perform
the task (operation 616) with the process terminating there-
after.

Turning now to FIG. 7, an illustration of a data processing
system is depicted in accordance with an illustrative embodi-
ment. In this example, data processing system 700 is an
example of a system that may be used to implement the
functions of position identifier 232 in FIG. 2 or position
identifier 300 in FIG. 3. In this illustrative example, data
processing system 700 includes communications fabric 702.
Communications fabric 702 provides communications
between processor unit 704, memory 706, persistent storage
708, communications unit 710, input/output unit 712, and
display 714.

Processor unit 704 serves to execute instructions for soft-
ware that may be loaded into memory 706. Processor unit 704
may be a number of processors, a multi-processor core, or
some other type of processor, depending on the particular
implementation. Further, processor unit 704 may be imple-
mented using a number of heterogeneous processor systems
in which a main processor is present with secondary proces-
sors on a single chip. As another illustrative example, proces-
sor unit 704 may be a symmetric multi-processor system
containing multiple processors of the same type.

Memory 706 and persistent storage 708 are examples of
storage devices 716. A storage device is any piece of hardware
that is capable of storing information, such as, for example,
without limitation, data, program code in functional form, or
other suitable information or any combination of information
either on a temporary basis or a permanent basis or both.
Storage devices 716 may also be referred to as computer
readable storage devices in these examples. Memory 706, in
these examples, may be, for example, a random access
memory or any other suitable volatile or non-volatile storage
device. Persistent storage 708 may take various forms,
depending on the particular implementation.

For example, persistent storage 708 may contain one or
more components or devices. For example, persistent storage
708 may be a hard drive, a flash memory, a rewritable optical
disk, a rewritable magnetic tape, or some combination of the
above. The media used by persistent storage 708 also may be
removable. For example, a removable hard drive may be used
for persistent storage 708.

Communications unit 710, in these examples, provides for
communications with other data processing systems or
devices. In these examples, communications unit 710 is a
network interface card. Communications unit 710 may pro-
vide communications through the use of either or both physi-
cal and wireless communications links.

Input/output unit 712 allows for input and output of data
with other devices that may be connected to data processing
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system 700. For example, input/output unit 712 may provide
a connection for user input through a keyboard, a mouse, or
some other suitable input device or combination of devices.
Further, input/output unit 712 may send output to a printer.
Display 714 provides a mechanism to display information to
a user.

Instructions for the operating system, applications, or pro-
grams may be located in storage devices 716, which are in
communication with processor unit 704 through communi-
cations fabric 702. In these illustrative examples, the instruc-
tions are in a functional form on persistent storage 708. These
instructions may be loaded into memory 706 for execution by
processor unit 704. The processes of the different embodi-
ments may be performed by processor unit 704 using com-
puter implemented instructions, which may be located in a
memory, such as memory 706.

These instructions are referred to as program instructions,
program code, computer usable program code, or computer
readable program code that may be read and executed by a
processor in processor unit 704. The program code in the
different embodiments may be embodied on different physi-
cal or computer readable storage media, such as memory 706
or persistent storage 708.

Program code 718 is located in a functional form on com-
puter readable media 720 that is selectively removable and
may be loaded onto or transferred to data processing system
700 for execution by processor unit 704. Program code 718
and computer readable media 720 form computer program
product 722 in these examples. In one example, computer
readable media 720 may be computer readable storage media
724 or computer readable signal media 726. Computer read-
able storage media 724 may include, for example, an optical
or magnetic disk that is inserted or placed into a drive or other
device that is part of persistent storage 708 for transfer onto a
storage device, such as a hard drive, that is part of persistent
storage 708.

Computer readable storage media 724 also may take the
form of a persistent storage, such as a hard drive, a thumb
drive, or a flash memory, that is connected to data processing
system 700. In some instances, computer readable storage
media 724 may not be removable from data processing sys-
tem 700. In these examples, computer readable storage media
724 is a physical or tangible storage device used to store
program code 718 rather than a medium that propagates or
transmits program code 718. Computer readable storage
media 724 is also referred to as a computer readable tangible
storage device or a computer readable physical storage
device. In other words, computer readable storage media 724
is a media that can be touched by a person.

Alternatively, program code 718 may be transferred to data
processing system 700 using computer readable signal media
726. Computer readable signal media 726 may be, for
example, a propagated data signal containing program code
718. For example, computer readable signal media 726 may
be an electromagnetic signal, an optical signal, or any other
suitable type of signal or combination of signals. These sig-
nals may be transmitted over communications links, such as
wireless communications links, optical fiber cable, coaxial
cable, a wire, or any other suitable type of communications
link or combination of links. In other words, the communi-
cations link or the connection may be physical or wireless in
the illustrative examples.

In some illustrative embodiments, program code 718 may
be downloaded over a network to persistent storage 708 from
another device or data processing system through computer
readable signal media 726 for use within data processing
system 700. For instance, program code stored in a computer
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readable storage medium in a server data processing system
may be downloaded over a network from the server to data
processing system 700. The data processing system providing
program code 718 may be a server computer, a client com-
puter, or some other device capable of storing and transmit-
ting program code 718.

The different components illustrated for data processing
system 700 are not meant to provide architectural limitations
to the manner in which different embodiments may be imple-
mented. The different illustrative embodiments may be
implemented in a data processing system including compo-
nents in addition to or in place of those illustrated for data
processing system 700. Other components shown in FIG. 7
can be varied from the illustrative examples shown. The dif-
ferent embodiments may be implemented using any hardware
device or system capable of running program code. As one
example, data processing system 700 may include organic
components integrated with inorganic components or may be
comprised entirely of organic components excluding a
human being. For example, a storage device may be com-
prised of an organic semiconductor.

In another illustrative example, processor unit 704 may
take the form of a hardware unit that has circuits that are
manufactured or configured for a particular use. This type of
hardware may perform operations without needing program
code to be loaded into a memory from a storage device to be
configured to perform the operations.

For example, when processor unit 704 takes the form of a
hardware unit, processor unit 704 may be a circuit system, an
application specific integrated circuit (ASIC), a program-
mable logic device, or some other suitable type of hardware
configured to perform a number of operations. With a pro-
grammable logic device, the device is configured to perform
the number of operations. The device may be reconfigured at
a later time or may be permanently configured to perform the
number of operations. Examples of programmable logic
devices include, for example, a programmable logic array, a
programmable array logic, a field programmable logic array,
a field programmable gate array, and other suitable hardware
devices. With this type of implementation, program code 718
may be omitted, because the processes for the different
embodiments are implemented in a hardware unit.

In still another illustrative example, processor unit 704 may
be implemented using a combination of processors found in
computers and hardware units. Processor unit 704 may have
a number of hardware units and a number of processors that
are configured to run program code 718. With this depicted
example, some of the processes may be implemented in the
number of hardware units, while other processes may be
implemented in the number of processors.

In another example, a bus system may be used to imple-
ment communications fabric 702 and may be comprised of
one or more buses, such as a system bus or an input/output
bus. Of course, the bus system may be implemented using any
suitable type of architecture that provides for a transfer of data
between different components or devices attached to the bus
system.

Additionally, communications unit 710 may include a
number of devices that transmit data, receive data, or transmit
and receive data. Communications unit 710 may be, for
example, a modem or a network adapter, two network adapt-
ers, or some combination thereof. Further, a memory may be,
for example, memory 706, or a cache, such as found in an
interface and memory controller hub that may be present in
communications fabric 702.

The flowcharts and block diagrams in the different
depicted embodiments illustrate the architecture, functional-
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ity, and operation of some possible implementations of appa-
ratuses and methods in an illustrative embodiment. In this
regard, each block in the flowcharts or block diagrams may
represent a module, segment, function, or a portion of an
operation or step. For example, one or more of the blocks may
be implemented as program code, in hardware, or a combi-
nation of program code and hardware. When implemented in
hardware, the hardware may, for example, take the form of
integrated circuits that are manufactured or configured to
perform one or more operations in the flowcharts or block
diagrams.

In some alternative implementations of an illustrative
embodiment, the function or functions noted in the blocks
may occur out of the order shown in the figures. For example,
in some cases, two blocks shown in succession may be
executed substantially concurrently, or the blocks may some-
times be performed in the reverse order, depending upon the
functionality involved. Also, other blocks may be added in
addition to the blocks illustrated in a flowchart or block dia-
gram.

The description of the different illustrative embodiments
has been presented for purposes of illustration and descrip-
tion and is not intended to be exhaustive or to limit the
embodiments in the form disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the art.
Further, different illustrative embodiments may provide dif-
ferent benefits as compared to other illustrative embodiments.
The embodiment or embodiments selected are chosen and
described in order to best explain the principles of the
embodiments, the practical application, and to enable others
of ordinary skill in the art to understand the disclosure for
various embodiments with various modifications as are suited
to the particular use contemplated.

One or more of the illustrative embodiments provide a
system and method for identifying the position of an aircraft
that may be implemented more efficiently than current sys-
tems and that may identify the position of the aircraft more
accurately and with greater reliability. In accordance with an
illustrative embodiment, the position of an aircraft is deter-
mined based on a series of images generated by a camera
system on the aircraft. The series of images includes features
in the environment in which the aircraft is moving. These
features are identified in the series of images. A shift in the
perspective of the camera system is identified from the shiftin
the positions of the features in the series of images. A change
in the position of the aircraft is identified from the shift in the
perspective of the camera system. The current position of the
aircraft may be identified based on the change in the position
of the aircraft and a starting position of the aircraft.

What is claimed is:
1. A method for identifying a position of a mobile platform,
the method comprising:

receiving, by a processor unit, images provided by a cam-
era system on a first mobile platform,
wherein the images include images of features and

images of a second platform;

identifying, by the processor unit, a first position and a first
position accuracy from the features in the images from
shifts in positions of the features in the images;

identifying, by the processor unit, a second position and a
second position accuracy using the images of the second
platform and position information from the second plat-
form; and

determining, by the processor unit, an identified position
and an identified position accuracy of the first mobile
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platform using a combination of the first position, the
first position accuracy, the second position, and the sec-
ond position accuracy,

wherein the position information from the second platform
identifies a location of the second platform.

2. The method of claim 1 further comprising:

using the identified position and the identified position
accuracy of the first mobile platform to control the first
mobile platform.

3. The method of claim 1 further comprising:

displaying the identified position of the first mobile plat-
form and the identified position accuracy of the first
mobile platform.

4. The method of claim 1,

wherein the position information for the second platform is
generated using images provided by a camera system on
the second platform.

5. The method of claim 1, wherein the first mobile platform
and the second platform are selected from a robot and an
unmanned air vehicle.

6. An apparatus comprising:

a camera system on a first mobile platform,

wherein the camera system provides images and
wherein the images include images of features and
images of a second mobile platform;
a communications system that receives the images; and
a processor unit that
identifies a first position and a first position accuracy
from the features in the images from shifts in posi-
tions of the features in the images,

identifies a second position and a second position accu-
racy using the images of the second mobile platform
and position information from the second mobile plat-
form, and

determines an identified position and an identified posi-
tion accuracy of the first mobile platform using a
combination of the first position, the first position
accuracy, the second position, and the second position
accuracy,

wherein the position information from the second
mobile platform identifies a location of the second
mobile platform.

7. The apparatus of claim 6 further comprising:

a platform controller that uses the identified position and
the identified position accuracy of the first mobile plat-
form to control the first mobile platform.

8. The apparatus of claim 7, wherein the platform control-
ler displays the identified position of the first mobile platform
and the identified position accuracy of the first mobile plat-
form.

9. The apparatus of claim 6,

wherein the position information for the second mobile
platform is generated using images provided by a cam-
era system on the second mobile platform.

10. The apparatus of claim 6, wherein the identified posi-
tion of the first mobile platform is a first identified position
and wherein the processor unit determines a second identified
position of the first mobile platform without using the posi-
tion information for the second mobile platform; and deter-
mines a final identified position of the first mobile platform
using the first identified position of the first mobile platform
and the second identified position of the first mobile platform.

11. The apparatus of claim 6, wherein the first mobile
platform and the second mobile platform are selected from a
robot and an unmanned air vehicle.

12. A method for identifying a position of a mobile plat-
form, comprising:
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determining, by a processor unit, a plurality of identified
positions and a plurality of identified position accuracies
for the mobile platform using a plurality of different
methods,
wherein one of the plurality of different methods for
identifying an identified position for the mobile plat-
form includes
receiving images provided by a camera system on the
mobile platform and
identifying a first position and a first position accu-
racy from features in the images from shifts in
positions of the features in the images, and
wherein a second one of the plurality of different meth-
ods for identifying an identified position for the
mobile platform includes
identifying, by the processor unit, a second position
and a second position accuracy using images of a
second mobile platform and position information
from the second mobile platform; and
combining, by the processor unit, the plurality of identified
positions and the plurality of identified position accura-
cies for the mobile platform to generate a final identified
position and a final identified position accuracy for the
mobile platform,
wherein the final identified position of the mobile plat-
form identifies a location and an orientation of the
mobile platform.
13. The method of claim 12,
wherein the position information for the second mobile
platform is generated using images provided by a cam-
era system on the second mobile platform.
14. The method of claim 12 further comprising:
using the final identified position and the final identified
position accuracy for the mobile platform to control the
mobile platform.
15. The method of claim 12 further comprising:
displaying the final identified position and the final identi-
fied position accuracy for the mobile platform and the
accuracy of the final identified position for the mobile
platform.

5

10

15

20

25

30

35

18

16. The method of claim 12, wherein the mobile platform

is selected from a robot and an unmanned air vehicle.

17. The method of claim 1,
wherein the features include fiducial markers;
wherein the combination is a statistical combination, a
geometry combination, and a Baysian combination;
wherein the first mobile platform includes a number of
working components;
wherein the number of working components include parts
used to perform a task at a specific position in an oper-
ating environment;
wherein the number of working components includes
manipulator arms;
wherein the method further comprises:
determining, by the processor unit, whether the identi-
fied position accuracy is sufficient to perform the task,
wherein when the identified position accuracy is not
sufficient, the task is not performed, and
wherein when the identified position accuracy is suf-
ficient, the first mobile platform is controlled to
perform the task;
wherein position identification at a sub-millimeter level is
desired;
wherein the first mobile platform is one of a number of
robots and identified position information and identified
position accuracy information for the number of robots
and a number of working components on the number of
robots are displayed on a position information display;
and
wherein each row of the position information display com-
prises
a robot identifier,
a working component identifier,
position identifiers for X, Y, Z, pitch, roll, and yaw axes
for a working component identified by the working
component identifier and the robot identifier, and
position accuracy identifiers for spatial units, angular
units, a time between updates, and a latency.
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